In the years 2004-2006 with winter rye was conducted the research, both in a field experiment and in laboratory conditions, on the effect of chlorsulfuron (Glean 75 WG) and iodosulfuron methyl-sodium + mesosulfuron methyl (Atlantis 04 WG), used in 3-4 leaf stage in the autumn and plants at full tillering in the spring, on yielding and grain quality of two hybrid cultivars; Fernando F 1 and Stach F 1 . The results obtained proved that winter rye, cultivated on black soil of the IIa class, produced high yield regardless plant cultivar, as well as applied herbicides which did not have a phytotoxic effect on plant growth and development.
INTRODUCTION
Economic effectiveness of growing grain plant crops is expressed not only by the amount of grain yield, but also by its quality. Requirements established by the European Union have made increasingly more important maintaining technological requirements regarding grain quality (Rothkaehl 2000) . The latter requirements also apply to rye, mainly its winter form, still covering a considerable area in Poland -2 350 000 ha, which accounts for over 26% of all grain crops and average grain crop amounts to approx. 23 dt/ha. Nearly half of annual yield is destined for fodder purposes and it is also used to a high degree in the milling industry. Rye grain quality is defined by the following parameters: protein content, gluten, falling number and sedimentation index. Starch is an important ingredient of rye flour. Its properties and quality determine the usefulness of flour for bread baking. The falling number is of a significant meaning as it describes the α-amylaze activity in flour. Excessive α-amylaze activity has an adverse effect on the quality of baked products. Those indices are formed as early as at the emergence in specific agrotechnical and weather conditions, but they are also dependent on genetically determined plant properties (Dubis et al. 2008; Kraska and Pałys 2002) .
According to the literature data (Adamczewski and Urban 2000; Rola et al. 2004 ) some herbicides like chlortoluron, isoproturon, 2.4-D and MCPA, commonly used for weed control in cereal cultures affect cultivated plants. These compounds can temporarily or permanently stop plant growth, as well as cause plant damage and deformation visible during plant growing period. They also worsen some grain quality parameters such as; ear length, the number and mass of the grain in the ear and weight of 1 000 grains (WTG) (Rola and Kieloch 2005) . This especially refers to winter wheat. However, there have not been available any literature reports concerning the influence of those herbicides on winter rye varieties. The purpose of this work was the assessment of the effect of sulfonylourea herbicides on grain quality of selected winter rye cultivars.
MATERIALS AND METHODS
Two-variable plot experiments using complete block design were conducted in 2004-2006 on the field of an individual farm in Iwiny near Wrocław. The plot was located on black soil, classified as soil IIa of class. Winter wheat served as a preceeding crop. The first experimental factor were herbicides and the second one were winter rye cultivars. Two currently cultivated rye hybrids: Fernando F 1 and Stach F 1 and two herbicides belonging to sulfonylourea group: chlorsulfuron (Glean 75 WG) and iodosulfuron methyl-sodium + mesosulfuron methyl (Atlantis 04 WG) were used. The herbicides were applied in the autumn at 3-4 leaf stage and in the spring at full tillering of winter rye at the doses 20 g/ha and 0.2 kg/ha which constituted 15 g s.a./ha and 7.2 g s.a./ha, respectively. The control treatment was not treated with herbicides but weeded manually. The winter rye was sown according to agro-technical recommendations for Lower Silesia region. The herbicides were applied using "Gloria" knapsack sprayer, at a constant pressure of 0.25 Mpa and spray liquid output amounted to 250 l/ha. The harvest of grain was done at full maturity stage and the yield was determined in relation to 14% moisture content. The grain was subjected to laboratory analysis to determine weight of 1 000 grains, bulk density of seeds, seed grading, protein content and falling number. Weight of 1 000 grains was determined according to Polish Standard No. PN-68/R-74017. The bulk density of seeds, also known as hectoliter weight was determined on the basis of Polish Standard No. PN-ISO 7971-2. Seed grading was established using sieves and determined on the basis of the amount of grain mass remaining on the sieve with mesh dimensions of 2.5 x 25 mm, in relation to the mass of sieved grain. Protein content was determined with INSTALAB 600 device using a near infra-red NIR technique. Falling number was assessed according to Polish Standard No. PN-ISO 3093.
All data were subjected to the analysis of variance and least significant differences were calculated at 5% probability level (LSD 0.05).
Meteorological conditions during the experimental period
The weather conditions during the 2003/2004 season was most favourable for winter rye as compared to the whole period of investigation. September of 2003 proved to be a warm, yet a dry month, and October weather was quite typical, with moderate rainfall. This kind of weather was beneficial both for germination and the first stages of plant development. The spring and the summer were relatively warm with sufficient amount of precipitation for rye development. Weather conditions were also favourable for grain harvesting in due time.
The following plant growing season (2004/2005) was characterized by warm September and the first half of October, with an appropriate amount of rainfall. The plants entered the winter resting period while were still in an early tillering stage and without being properly rooted. The spring and the summer were relatively cold and humid for that time of the year, with a total precipitation approx. 210 mm (within 3-month period) which was not favourable for rye growth and grain forming. July was characterized by heavy rainfall which delayed grain harvest.
In the autumn 2005, a slight deficit in soil moisture contributed to worse germination of rye. In the second half of November plant growth was retarded. The winter was long and severe with heavy snow, which, however, did not adversely affect winter rye survival. The spring of 2006 was rather cold at the beginning but it was characterized by appropriate precipitation level. A sudden increase in temperature in the middle of June and a noticeable deficit of water was not favourable for plant growing and grain development, resulting in earlier harvest (Table 1) .
RESULTS AND DISCUSSION
One of the prerequisites to obtain a reasonably high yield from the crop is to maintain it in a weed-free state.
Long-term investigation concerning weed occurrence carried out in Poland (Rola 1975; Rola et al. 1981 Rola et al. , 1996 Rola et al. , 2005 proved that winter rye belongs to considerably weed-infested crops. The list of most commonly found weed species in winter rye includes, among others, Apera spica-venti, Anthemideae, Agropyron repens, Cirsium arvense, Centaurea cyanus, Convolvulus arvensis, Papaver rhoeas, Vicia hirsute, while Anthoxanthum aristatum, Alopecurus myosuroides occur locally.
The problem of negative effect of weeds on winter rye has not been thoroughly studied so far. According to the common opinion rye is one of the crops least susceptible to weeds (Koch 1970) . Due to its fast growing in the autumn and early spring, rye suppresses a wide variety of spring and winter weeds and in the following stages of its development, due to shading, it even restricts the growth of wheat-grass (Agropyron) (Tischler 1971) . A strong and shallow-reaching rye root system can create unfavourable conditions for weed germination (Rademacher 1964) . As it was reported by Rola (1985) , Apera spica-venti proved to be highly competitive to winter rye, regardless the soil and agrotechnical conditions of rye cultivation. As the number of this weed increases on the field, the rye yield decreases. Crops losses, which occurred as a result of 25-50 and 300-500 panicles per 1m², ranged to 14 and 58%, respectively. The author's own studies (Rola 1992 ) also confirm a competitive effect of Cirsium arvense on winter A negative correlation was proved between Cirsium arvense weed infestation and length of a rye ear, as well as the number of ears per area unit, and the correlation between grain mass per one ear and rye yield.
In the field experiment conducted a large number of weeds was not stated. Rarely occurring weed species such as Galium aparine, Stellaria media, Veronica hedeifolia, Viola arvensis, Thlaspi arvense were effectively controlled by the use of herbicides, while on the control treatment they were removed manually. Therefore, the state and degree of weed infestation of a rye field could not have been taken into consideration as a factor affecting the crop and its quality.
Many authors claim that herbicides' effect on cultivated plants can be expressed by morphological changes like suppression of germination, growth and development, colour and leaf necrosis, as well as plant deformation. In extreme cases herbicides can lead to disturbances in plant life processes and in consequence reduce the yield and its quality (Rola et al. 2000; Urban 2002; Gabinska and Rola 1985; Nowicka and Rola 1997) . Sulfonylourea group active substances belong to a new generation of herbicides and are generally considered to be safer for grain. Reduced yield amount is rarely considered as a result of the application of these herbicides. Just as rarely they cause alterations in plant morphology, particularly in wheat (Nowicka 1993; Rola and Kieloch 2006 Weather conditions in particular years affected the amount of rye yield of winter and its quality discriminants characterizing grain technological value. The highest yield was obtained for plant growing season 2003/ 2004 when the weather was the most favourable for plant development. During that season, Fernando F 1 cultivar gave higher yield than Stach F 1 cultivar, although these differences were not statistically confirmed. The yield of cultivars under investigation was much lower in the following years, although this fact was not of statistical significance.
No proof has been found regarding the dependence between yield and the use of herbicides, nor the fact that there was no significant relation between herbicides and rye cultivars related to the mentioned feature (Table 2) .
Average values for weight of 1 000 grains indicate significant differences between particular cultivars. Fernando F 1 cultivar was characterized by a significantly higher mass, this being proved statistically. Taking into account all the years of investigation, the lowest quality and amount of winter rye grain, regardless of plant cultivar, was obtained in 2006 during the long-lasting drought accompanied by high temperatures, which were recorded from the second half of June to the harvest. No differences were observed in reference to 1 000 grain mass as related to the herbicide used and no interaction was found between the cultivars and applied herbicides (Table 3) . LSD (0.05) cultivars -not significant differences herbicides -not significant differences cultivars x herbicides -not significant differences The content of protein reveals the baking quality characteristics of the grain, destined for flour manufacturing for baking purposes, and it should be at least 11.5% of this component. These data were obtained for Fernando F 1 and Stach F 1 rye cultivars in 2006, independent of herbicides used. Also, differences were not proved between these cultivars. Significantly lower values of this indicator in 2004 and 2005 can be considered as a proof of the influence of the weather conditions, though it was not proved statistically (Table 4) .
Falling number is another quality parameter, which characterizes the state of amylolytic enzymes in grain and baking usability of flour. At the same time the latter feature determines its storage durability. In order to guarantee that rye flour has an appropriate falling number for the baking process for milling purposes grain should be used of falling number not below 110 seconds. The results similar to the desired ones were obtained in case of Stach F 1 grain, and slightly better for Fernando F 1 cultivar in 2005, harvested from the control treatments as well as from those treated with herbicides. During 2004 and 2006, falling number determined for the examined cultivars, regardless a herbicide used, exceeded the minimum permissible norm almost twice and three times. In spite of that fact, the significance of differences for grain of both cultivars, as well as for the herbicides and the interaction between the studied factors were not statistically proved (Table 5) .
One of the crucial rye grain meal quality attributes is seed grading, which means the relation of remaining sieved grain on a particular sieve (mesh measurements 2.5 by 25 mm) to the whole mass of sieved grain. Permissible norm of 85% for rye was achieved only once, in 2005, regardless of the cultivar examined (Table 6) .
It can be assumed that the above results were possible due to the weather conditions in the turn of the spring and summer season, as it was relatively cold for this time of the year and considerable precipitation was recorded as well (358.1 mm from April to July). Although the results for the remaining years achieved quite even levels, the grain of Fernando F 1 and Stach F 1 cultivars did not conform the required norm. Sulfonylurea herbicides such as Glean 75 WG and Atlantis 04 WG used in the experiment did not prove to affect the quality determinant. Statistical analysis of the results did not confirm the significance of differences in relation to grain cultivars and herbicides, nor did it prove interaction between them.
Test weight, which determines grain mass in kg/hl should be minimum around 68 kg/hl for rye in a sieved state. The data presented in table 7 shows that none of the studied factors in the experiment significantly affected the rye grain quality of the studied varieties, which was confirmed by statistical analysis (Table 7) . LSD (0.05) cultivars -not significant differences herbicides -not significant differences cultivars x herbicides -not significant differences 
